Introduction
The physiological breakdown of citrus fruits variously known as storage spot, pitting, or pox has presented a perplexing problem to growers and shippers ever since the storage and transportation of these fruits was undertaken on an extensive scale. This breakdown manifests itself in various forms of blemishes of the rind, depending on such factors as the inherent condition of the fruit, the temperature at which the fruit is held, the length of storage, and the composition of the atmosphere surrounding the fruit. The disease is associated with exposure to excessively low temperatures, but its development is conditioned by the other factors mentioned. Partial control of this disorder has been attained in commerce by raising the temperature at which the fruit is held during transit and storage, the temperature depending on the kind of fruit in question. California oranges hold well at 380 F., but California-grown lemons and grapefruit require a temperature of 500 to 550, and recommendations of temperatures as high as 650 -have been made for commercial grapefruit storage. Other factors enter into the consideration of the best holding temperature; e.g., grapefruit will develop a deeper yellow or bronze at a temperature of 550 than at 650. This deep yellow color is considered undesirable by the trade because of the appearance but has no ill effect on the quality of the fruit. On the other hand, fruit held at 65°will be more subject to attacks by the various organisms of decay. High relative humidities are necessary at these higher temperatures in order to reduce shrinkage, but also afford favorable conditions for the development of these organisms.
It has been shown previously (6) that losses from pitting in grapefruit can be reduced by choosing the proper season for picking fruit which is to be held or which is to be shipped great distances under refrigeration. Additional evidence on the influence of season on the susceptibility of grapefruit to pitting will be submitted in this paper. The nature of the changes occurring in the fruit during its development on the tree which tend to -increase or decrease its susceptibility to pitting if subjected to the unfavorable environment of low storage temperatures is not known. Evidence has been presented previously (6) and additional evidence is presented in this paper indicating that the temperature in the grove during the period immediately preceding picking has a bearing on the susceptibility the fruit will have to 571 variations. This correction would not compensate for any changes in rate of respiration brought about by temperature changes.
At the time the fruit is placed in these chambers it is surrounded by atmosphere of normal composition, but as the oxygen is consumed and CO2 is given off there is a gradual change to anaerobic conditions. During this change the pressure is being reduced.' The maximum negative pressure occurs at approximately the time when the 02 becomes exhausted; then with continued CO2 production the pressure increases at a fairly constant rate for a considerable period of time. The rate at which these changes in pressure occur at a given temperature depends on the condition of the fruit. It was found that with grapefruit there was a correlation between the length of time during which the pressure remained negative and the pitting which developed after subsequent storage of corresponding lots. In all except rare instances respiration in stored fruit produced a negative pressure of varying intensity and duration followed by the development of positive pressure at a uniform rate for a period of days. The data presented are based on the duration of this negative pressure.
The storage rooms were maintained at 380, 460 t-: 0 00)lt--rI r5lr- Corona. The values used to express the severity of pitting were obtained by adding the percentage of severely pitted and one-half the percentage of slightly pitted fruit. This evaluation is arbitrary but was adopted for convenience. The grading of the pitting is also arbitrary; it is the same as that used in the previous report (6), namely, that pitting which was considered of commercial importance was classified as severe and anything less as slight. The fruit from Oasis pitted most severely early and late in the season with a period of reduced susceptibility in midseason. The susceptibility to pitting varied with the temperature prevailing previous to picking, being higher with the higher temperatures as shown in figure 2 Figure 4 shows the relationship between the storage temperature and the hours of negative pressure developed by the fruit at room temperature. Each point on the graph represents the average of from 15 to 50 chambers.
The effect of the length of storage on the rate of subsequent anaerobic respiration at room temperature as measured by the duration of the negative pressure is shown in figure 5 . The fruit was placed in storage at 380 F. immediately after picking, except for one portion which was taken to the laboratory for immediate test- ing. The remainder of the fruit was removed from storage after intervals as indicated in figure 5 , brought to the laboratory, and placed in the chambers. In all instances the trend was for soluble pectin to increase during the season, though sometimes the increase was slight, especially in the flavedo. The albedo contained far more soluble pectin than the flavedo, the average of all field samples from Oasis being 4.2 and 1.7 gm.; from Corona 6.0 and 1.5 gmi.; and from Woodlake 3.7 and 1.6 gm., respectively. There was no relationship between the soluble pectin content and the susceptibility of the grapefruit to pitting at any temperature.
Protopectin.-The protopectin content of the flavedo of fruit from Oasis varied somewhat, with the minimum occurring at the time of the third collection and the maxima at the beginning and the end of the picking season. In the albedo the minimum was also in the third collection and the maximum was in the first.
The protopectin in the flavedo of the fruit from Corona increased as the season progressed, with the minimum at the time of the second picking and the maximum at the end of the picking season. In the albedo the minimum occurred at the time of the third picking.
The protopectin in the flavedo of the fruit from Woodlake decreased throughout the season, falling from 13.8 gm. at the time of the first picking to 9.0 gm. at the end of the season. There was more fluctuation in the protopectin of the albedo, but there was no seasonal trend. 
RYGG AND HARVEY: PECTIC SUBSTANCES AND NARINGIN
There was no trend in the changes in protopectin, which was true for both parts of the rind and for fruit collected from all locations. There was, however, a tendency for the minimum to occur at about midseason, especially in the albedo. This variability is not surprising in view of the variations in the climatic environment of the fruit from the different districts. It has already been shown that the climatic environufent of citrus during its growth and immediately preceding its harvest has marked effects on the response of the fruit to treatments given after harvest. There appears to be a relationship between the protopectin of the rind, especially of the albedo, at the time of picking and the subsequent behavior of the fruit in storage, but the relationship between the total pectic content and the storage response is more apparent and will be discussed under that heading. The protopectin of the flavedo and albedo were practically equal. The average values for all the field collections were: Oasis, flavedo 12.2 gm., albedo 12.1 gm.; Corona, flavedo 12 gm., albedo 10.5 gm.; Woodlake, flavedo 11.6 gm., albedo 11.4 gm.
Total pectic substances.-The amount of total pectic substances in the flavedo of grapefruit from Oasis was lowest during midseason but the variation during the season was slight, ranging from 13.2 to 14.2 gm. There were considerably less total pectic substances present in the albedo during midseason than either before or after, the range in this tissue being from 14.4 to 17.7 gm. Figure 2 shows the amount at each picking and the relation to the mean temperature for the last 5 days before picking, respirational behavior, naringin content, and susceptibility to pitting.
The amount of total pectic substances of the flavedo of grapefruit from Corona increased from the second to the last collection, with the contents varying from 11.3 to 16.8 gm. There was more fluctuation in the total pectic substances in the albedo, where the minimum occurred in midseason and the maximum at the end of the season. The amount of total pectic substances in this tissue ranged from 14.5 to 18.9 gm. These fluctuations were apparently in response to environmental changes, as they coincided with the response of the fruit to storage conditions and to the respiratory behavior in tight chambers. These results are shown in figure 3 .
The total pectic substances in the flavedo of fruit from Woodlake decreased during the season from 14.9 to 11.0 gm. In the albedo, however, the first two pickings gave the lowest yields of pectic substances and the last four the highest. The values ranged from 12.3 to 16.6 gm. The total pectic substances in the grapefruit from Woodlake did not correspond so well with the subsequent behavior of the fruit as did that from Oasis and Corona but it did agree in that in the albedo the lowest total pectic content and the least susceptibility to storage pitting occurred simultaneously, as did the highest pectic content and greatest susceptibility to pitting.
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PLANT PHYSIOLOGY albedo and susceptibility to storage pitting is not known. At any rate, the response of the fruit on the trees to the environmental conditions were such that conditions which brought about a reduction in the total pectic substances in the albedo also brought about such changes as would reduce the susceptibility of the fruit to pitting at low temperatures. These results indicate that the condition and composition of the albedo at the time of picking are important in determining whether or not the fruit is likely to develop pitting if held at low temperatures.
The amount of total pectic substances in the flavedo held a similar relationship to subsequent pitting but the yield was less variable, hence the differences failed to show so distinctly. The flavedo of the fruit from Woodlake did not give results agreeing with the others as the pectic content decreased during the entire season.
The pitting resulting after 6 weeks storage at 460 F. also agreed with the results mentioned above, but the severity of the pitting was reduced at this temperature.
A comparison of the total pectic contents of the flavedo and albedo shows the albedo to be consistently but not greatly higher. Average values for all field collections from the various districts are: Oasis, flavedo 13.8 gm., albedo 16.3 gm.; Corona, flavedo 13.7 gm., albedo 16.7 gm.; Woodlake, flavedo 13.2 gm., albedo 15.1 gm.
CHANGES IN THE PECTIC CONTENTS OF STORED FRUIT.-The relationship in the proportion of soluble pectin to protopectin did not change materially in grapefruit stored 6 weeks at the temperatures mentioned. A surprising result, however, was the frequent apparent increase in total pectins at the end of these storage periods. Table III shows the average pectic content of the flavedo and albedo for a total of ten storage lots for each temperature (2) show that in apples the fruit was stored 17 weeks before the total pectic content began to decrease. No such long storage periods have been attempted in the present studies on pectic substances in grapefruit. BRANFOOT (2), however, found that pectose began to decrease and the soluble pectin to increase immediately after the fruit had been placed in storage, but this behavior has not been nioted for grapefruit rind.
While all the pectin analyses are reported on the basis of dry weight, the same situation existed when the pectic contents were expressed on the basis of fresh weight. NARINGIN The behavior of naringin in mature or nearly mature grapefruit which remains attached to the tree does not follow a definite seasonal trend. In the fruit from Oasis the naringin content of the stem-end albedo2 followed roughly the mean temperatures for the 5-day period preceding picking, with the minimum at midseason. However, the naringin minimum occurred at the second picking while the minimum temperature occurred at the time of the third picking ( fig. 2) . A similar temperature relationship was reported previously for the season of 1933-34 (6).
The naringin content of the albedo of fruit from Corona similarly followed roughly the changes in the mean temperature before picking. In this instance there was an increase until the end of the season (fig. 3 ). This seasonal trend is opposite to that recorded previously for fruit of another season from the same grove, but the temperature relationship is the same as was obtained during that season.
It will be noted in figures 2 and 3 that there is a relationship between the naringin content and the susceptibility to storage pitting. It does not follow that the presence of naringin influenced the fruit in its susceptibility to pitting but merely indicates, as was stated in the discussion of pectins, that changes take place in the composition of the fruit while it is still attached to the tree, and that these changes influence the susceptibility of the fruit to storage pitting.
The naringin content of the albedo of grapefruit from Woodlake was lowest at the time of the first picking (December 4), increased to a maximum at the time of the fourth (April 8), and subsequently decreased until the end of the season (July 2). The naringin content of the albedo of Woodlake fruit did not vary according to the temperatures preceding picking, neither did its variations coincide with those in pectic content.
In an earlier paper the fact was mentioned that the change in naringin content of stored grapefruit was controlled by factors that were poorly understood and that it might increase or decrease depending upon the condition of the fruit as well as on the conditions of storage. Present work corroborates this point of view. It also indicates a preponderant tendency for the naringin content to increase in storage through a wide range of storage temperatures with a tendency for a greater increase in fruit held at The differences are not great, especially when expressed on the fresh weight basis, but the same is true whether the percentages are expressed on the fresh or the dry weight basis.
The results reported in this paper give support to the suggestion made in the earlier report that naringin might be an indirect product of respiration, as both in the field and in storage there was a tendency for the naringin content to be higher following exposure to higher temperatures. 
